Inherited susceptibility to rheumatic disease! D A Brewerton MD FRCP
Westminster Hospital, London SWI From clinical experience, and from family and twin studies, it has been known for many years that heredity plays a role in susceptibility to several rheumatic diseases. As examples, this has been definite in gout, ankylosing spondylitis, psoriatic arthritis, Heberden's nodes and systemic lupus erythematosus, but debatable in rheumatoid arthritis and Reiter's disease. However well documented the evidence has been, clinicians have tended to set aside this information because they have not known how genetic factors might influence disease susceptibility. Now, it seems that heredity may predispose to most inflammatory rheumatic diseases, and also determine the likely age of onset, the distribution of joints involved and the presence of associated clinical features. It is even possible that the clinical responses of individuals may be largely preset, with the ultimate environmental trigger having little influence on the details of the subsequent reaction.
During the past six years several important genetic markers relating to inflammatory rheumatic diseases have been identified. The most striking discovery has been that individuals born with the inherited antigen HLA-B27 are approximately 300 times as likely to develop classical ankylosing spondylitis (Brewerton, Caffrey, Hart et al. 1973 , Schlosstein et al. 1973 . To the clinician it is even more interesting that genetic markers can now be used to investigate the overlapping, intertwining jumble ofclinical features that has been so difficult to understand (Figure 1 ). The individual features may congregate in so many different combinations that for genetic analysis it is unwise to divide them arbitrarily and define them as diseases. Such definitions are necessary for clinical diagnosis but clinicians will agree that they are neither watertight nor entirely satisfactory.
The major histocompatibility complex Although it was long appreciated that tissue and organ grafts could be transplanted in an individual using his own tissues but not from person to person, at first it was not apparent how the recipient tissues recognized that a graft was foreign. It is now known that we inherit antigens on the surfaces ofcells throughout the body called 'transplantation' or 'histocompatibility' antigens. Because they were first identified on leukocytes, they are also known as human leukocyte antigens, or HLA antigens. Superficially they resemble ABO blood groups in that they are inherited for a lifetime. Like grouping before blood transfusion, the HLA antigens are determined as an essential part of tissue-typing before organ transplantation; they may also be used in paternity testing. Over 50 HLA antigens are now recognized; and, as most individuals have four antigens, there are millions of possible combinations which characterize us as individuals. The role of HLA antigens is unknown, except in the highly artificial situation produced by transplantation; or, more correctly, important functions are now emerging.
Knowledge of the genetics of histocompatibility antigens is based partly on studies of mice. The genetic region in mice controlling the heredity of strong histocompatibility antigens, the H-2 locus, also influences lymphocyte responses in vitro, complement levels and testosterone levels. Segregating in the same region are many fascinating genes controlling specific immune responses. Furthermore, studies of inbred mouse strains have revealed a histocompatibility antigen (H-Y) controlled by the male Y chromosome. The H-Y antigen is believed to be of fundamental importance in embryonic development. In mice, as in man, certain histocompatibility antigens are associated with susceptibility to particular diseases, the best examples being acute lymphocytic choriomeningitis, autoimmune thyroiditis and leukaemia produced by viruses.
In man, the major histocompatibility complex is on the sixth chromosome. It includes three loci (A, Band C) controlling the heredity of HLA antigens and a fourth locus (D) which also controls other HLA specificities identified by mixed lymphocyte culture. So far, immune response genes have not been positively identified in man, but it is known that the loci for three of the complement components (e2, C4 and factor B) are in or near the major histocompatibility complex. The mechanisms by which HLA antigens are associated with disease susceptibility have been the subject of extensive speculation. It is possible that the antigens are directly involved in disease processes, and for this explanation several mechanisms have been suggested. Alternatively, the importance of HLA antigens may be in the association of their heredity with immune response genes. As the genetic region between HLA-B and HLA-D is expected to contain immune response genes, this may explain why most disease associations sofar established have been with D or B antigens.
Ankylosing spondylitis
The close association ofHLA-B27 with ankylosing spondylitis is now an established fact; but despite this remarkable degree of association between an HLA antigen and a disease, it was clear from the beginning that the full syndrome with all its intricate clinical features could occur in the absence of B27. There had to be other factors, probably both genetic and environmental. Extensive laboratory investigations have so far failed to reveal a further genetic marker for ankylosing spondylitis. Surprisingly, clinical studies have done more to indicate how spondylitis might occur without B27.
Spondylitis is closely associated with B27 in widely differing ethnic groups which suggests that B27 may be directly involved in the disease process. However, black Americans with ankylosing spondylitis are less likely to have B27; and in the Pima Indians ofArizona the risk of sacroiliitis without B27 is much greater than in Caucasians, particularly in females. These latter findings are more in keeping with the hypothesis of linked genes with varying degrees of linkage disequilibrium in different ethnic groups.
Traditionally, ankylosing spondylitis is said to be five to ten times as common in men as in women. Recent experience suggests that, when milder forms of the disease are included, the disease is present almost equally in men and women, but that classical, obvious ankylosing spondylitis is approximately five times as common in men. In other words, sex does not influence the frequency of disease as much as its expression and its severity.
Since the relationship with B27 was discovered, there has been a need to redefine ankylosing spondylitis and the syndromes associated with it. Previously, to diagnose ankylosing spondylitis in the jungle of chronic backache it was essential to adopt rigid criteria, including radiographic evidence of sacroiliitis. Now the problem is reversed: when examining individuals known to have B27 it is necessary to assess the significance of relatively minor symptoms and signs. Patients may have typical symptoms of spondylitis with normal spinal movements and normal radiographs, or they may have a lifetime of mild, widespread aches and pains, radiographic sacroiliitis without symptoms, or positive bone scans with normal radiographs (Figure 2 ). To include them all increases the frequency of clinical rheumatic disease related to Spondylitis to 20-30% of individuals with B27, that is, over one million of the British population. Figure 2 . HLA-B27 is present in approximately 7"" of the British population. Basedon former population surveys,only 3"o would havebeenexpectedto haveankylosingspondylitis,but around the classicalcentre there is a large fringe of milder forms of the same disease Rheumatoid disease Family studies of patients with rheumatoid disease have usually shown a small increase in the frequency of the disease in first-degree relatives. Monozygotic twins may be concordant for rheumatoid disease, but usually they are discordant. An intensive investigation of Blackfeet and Pima Indians established no evidence of genetic factors. Overall, the clinical data has Suggested the probability of weak genetic predisposition to rheumatoid disease.
It is now established that individuals born with HLA-Dw4 are approximately seven times as likely to develop classical, seropositive, rheumatoid arthritis (Stastny 1976 ). More recently it has been reported that there is a slightly closer association with DRw4 (Stastny et al. 1977 , Bodmer et al. 1971 .
Seronegative peripheral arthritis is currently the subject of critical review. No longer should patients in this category be lumped together under the heading of 'rheumatoid arthritis'. Some have B27 and a peripheral joint distribution like that associated with ankylosing spondylitis, while others have Reiter's disease, psoriasis, chronic inflammatory bowel disease or other syndromes. When all of these have been removed from a series of patients with long-established seronegative arthritis, the remainder form a group clinically resembling seropositive rheumatoid disease, apart from the absence of rheumatoid factor, nodules and the other features that go with rheumatoid factor. One possibility is that the presence or absence ofIgM rheumatoid factor, constituting the main difference between these two groups, is genetically determined, with some people differing in their protein responses. It might now be possible to establish whether this is true, for instance by studying the frequency ofDw4, DRw4 and other genetic markers in individuals who have IgM rheumatoid factor in the absence of rheumatic disease.
We now know that when fibrosing alveolitis is associated with rheumatoid arthritis there is an increased frequency of the (XI antitrypsin phenotypes MZ and MS (Geddes et al. 1977 ).
Thus two distinct genetic systems appear to be involved in this syndrome: the major histocompatibility complex on the 6th chromosome (for rheumatoid arthritis and for fibrosing alveolitis); and the Pi system on a different chromosome as yet undetermined. It is interesting, and possibly important, that the Pi system is in genetic linkage with the Gm system and the constant region of the IgG heavy chain.
Sarcoid arthritis
Until recently, studies ofHLA in sarcoidosis were disappointing. It has now been shown that patients with sarcoidosis who have B8are appreciably more likely to develop arthritis , James 1977 . This association with B8 applies in arthritis alone, in arthritis with erythema nodosum, and in erythema nodosum alone. It seems that (in sarcoidosis) there is inherited susceptibility to arthritis and to erythema nodosum, both having B8 as a genetic marker. As yet, the investigations have not been repeated using 0-and B-cell typing. Nor is it known whether B8 is associated with erythema nodosum in other clinical situations.
Sjogren's syndrome B8 is also associated with Sjogren's syndrome, although not in the presence of rheumatoid disease. In this instance it has been established that there is an even closer association with Ow3.
Reiter's disease Reiter's disease following urethritis is important because it is assumed to result from a sexually transmitted infection. It is a peculiar reaction affecting only 1'% of men with nonspecific urethritis. B27 is not related to the urethral response but to the reaction that follows. A man with B27 who contracts urethritis is 40 times as likely to have arthritis one to four weeks later ).
Reiter's disease is difficult to define because it is seldom seen in its complete form. Patients may have different clinical features in a series of attacks, and there is considerable variation in the response of individuals, so that it is necessary to examine several patients to appreciate the complete picture of the disease. One possibility is that genetic factors influence the clinical responses in individuals, all having B27 as a genetic marker. Outside the diagnosis of Reiter's disease, individual clinical features have been studied as they occur in isolation: sacroiliitis, spondylitis, acute anterior uveitis, seronegative arthritis without sacroiliitis, chronic circinate balanitis without urethritis, and pustular psoriasis are all individually related to B27. In Reiter's disease, patients with only urethritis and peripheral arthritis have B27 in 65%. Add sacroiliitis, uveitis or balanitis (each associated with B27) and, in the combination, the frequency of B27 is almost 100%, suggesting that these features may be more closely associated with B27 than is the initial peripheral arthritis.
Following Shiqella flexneri dysentery, the associations with B27 are essentially the same. In Finland during the Second World War, 0.2% of 150000 patients with dysentery developed Reiter's disease, 70% having urethritis, arthritis and conjunctivitis. When the patients with Reiter's disease were reviewed 20 years later, 32% had spondylitis, 18% chronic peripheral arthritis, and 7% uveitis (Sairanen et al. 1969) . The frequency of B27 is the same in Reiter's disease following dysentery as after urethritis, and those lacking B27 have tended to pursue a milder course.
Reactive arthritis
The term 'reactive arthritis' is more a concept than a diagnosis. It was coined to describe an infection of a distant site, such as the pharynx, gut or genitourinary tract, causing arthritis by an immunological reaction without invasion of the joint by the infective agent. Rheumatic fever and Reiter's disease are commonly quoted as examples. However, because these two diseases are individually well known, 'reactive arthritis' is used mostly to describe arthritis following gut infection with salmonella or Yersinia enterocolitica, important because they are positively identified infective agents. Again, B27 is not associated with the initial gut infection, but individuals with B27 who have these infections are about 50 times as likely to suffer acute arthritis (Aho et al. 1974 ).
Acute anterior uveitis
Acute anterior uveitis has a sudden, painful onset, so that it is relatively easy to determine its prevalence and age of onset. Based on American figures (Darrell et al. 1962) , the prevalence per 100 000 population is approximately 150 for men and 80 for women. Of those attending eye clinics, one-third are found to have associated diseases (mostly ankylosing spondylitis, including its milder forms, or Reiter's disease). The remaining two-thirds are clinically normal, and the available evidence suggests that the majority will not develop rheumatic symptoms later. We now know that B27 is present in 42% of patients with acute anterior uveitis in the absence of associated disease (Brewerton 1975) . The prevalence per 100000 population is therefore approximately 100 for those without B27 and 1000 with B27. By contrast, acute uveitis occurs in 25-35% of patients with both B27 and ankylosing spondylitis. This further increase, from 1% to 25% or more, suggests the possibility of two genes both having B27 as a genetic marker.
In Reiter's disease, acute uveitis is usually asynchronous, that is, not following attacks of urethritis. Such uveitis is almost invariably associated with B27. Less frequently, the uveitis regularly follows attacks-of urethritis, and in our limited experience it is not then associated with B27.
Perhaps indirectly, uveitis is associated with ulcerative colitis, Crohn's disease and psoriasis. When uveitis is present, it is usually accompanied by sacroiliitis or spondylitis.
In sarcoidosis, approximately 10% of patients have acute anterior uveitis resembling that seen with other conditions. However, in a recent series, B27 was present in only one of 21 patients, which is in sharp contrast to its high frequency in other clinical situations, This suggests that the acute anterior uveitis of sarcoidosis may be a different disorder, although it looks the same .
Chronic inflammatory bowel disease and psoriasis
Studies of the relationship between ulcerative colitis, Crohn's disease and rheumatic syndromes are hampered by the lack of a genetic marker for the bowel diseases. Clinically, ulcerative colitis and Crohn's disease are strongly associated with spondylitis, peripheral arthritis and acute anterior uveitis. We now know that approximately 65% of patients with ulcerative colitis and spondylitis have B27, as do 50% of patients with Crohn's disease and Spondylitis. Enteropathic peripheral arthritis does not appear to be genetically determined. It is not known whether there is a direct relationship between B27 and the uveitis associated with chronic inflammatory bowel disease because uveitis is seldom seen in the absence ofsacroiliitis or Spondylitis.
Psoriasis differs in that it has modest associations with Bw17, B13, and Bw37. Recently a stronger association with Cw6 has been established (Tiilikainen et al. 1977) . It is now believed that the previously accepted associations (BwI7, BI3 and Bw37) can be explained by the single association with Cw6 and secondary linkage disequilibria with the B locus determinants. B27 is present in 65% of patients with both psoriasis and spondylitis. In our series, one-third of the patients with psoriasis, sacroiliitis and B27 also had Bwl7 or B13. This is of interest because one B antigen is inherited from each parent. A comparable situation is seen in insulindependent diabetes, in which either B8 or Bwl5 predispose to disease, while the combination of the two in B8/Bw15 heterozygous individuals increases the risk considerably.
So far it is difficult to estimate the likelihood of spondylitis in a person with B27 who is destined to develop chronic inflammatory bowel disease or psoriasis. At an approximation, 7% of patients with bowel or skin disease have B27, and 5% have spondylitis, of whom two-thirds have B27. This means that about half of the patients with B27 and chronic inflammatory bowel disease or psoriasis will also have rheumatic disease. Conversely, a young adult who has sacroiliitis without B27 may be six times as likely to develop chronic inflammatory bowel disease or psoriasis as a similar patient with B27.
In ankylosing spondylitis the high frequency of B27 is maintained however mild the disease. But with bowel disease or psoriasis the association with B27 is not only weaker when the spondylitis is severe: it almost disappears when the spondylitis is mild or when there is sacroiliitis without clinical evidence of spondylitis (Figure 3) . In psoriatic peripheral arthritis without sacroiliitis or spondylitis, a possible weak association with B27 has not yet been firmly established.
Gene interaction
It is simpler to study single genes and individual clinical features, but for the composition of an intricate pattern involving many diseases we must contemplate several gene products interacting to enhance, modify or mask the effects of one another. So, how can clinicians observe the interaction between gene products?
In Reiter's disease we saw that B27 is present in only 65% of those with peripheral arthritis alone; but when associated with sacroiliitis, uveitis or balanitis, B27 is almost invariably present. This is perhaps what might be expected. By contrast, take spondylitis and add chronic inflammatory bowel disease or psoriasis, themselves not associated with B27, and the frequency of B27 drops from 90-95% to 65-75% (Figure 3) . Why the reduction? The most likely explanation is that genes for bowel or skin disease themselves contribute to the spondylitic process and make the presence of B27 less necessary. In Figure 3 the difference between the lowest line and the upper two lines can be attributed to the presence or absence of bowel or skin disease. More crudely, the shaded area could be said to represent the capacity of genes for chronic inflammatory bowel disease or psoriasis to predispose to spondylitis in the absence of B27, usually leading to mild disease rather than classical spondylitis. Conversely, in people with B27 the frequency of spondylitis is undoubtedly greater in those with chronic inflammatory bowel disease or psoriasis than it is without these diseases. Also, patients with several clinical features may not have B27 when it would be most expected, again suggesting that the presence of genes for other diseases may make B27less necessary.
In human families, the mechanisms of polygenic inheritance are usually concealed by their own complexity. But in occasional families many members are affected and the genetic factors are so powerful that we can observe the interaction between gene products. Each family is different. In some, only spondylitis is seen; while in other families with strong susceptibility to spondylitis, chronic inflammatory bowel disease and psoriasis are found far more often than by chance. Alternatively, the genes for bowel or skin disease may not achieve clinical expression but may nevertheless predispose to rheumatic disease: a parent may have ulcerative colitis or psoriasis, while the offspring has spondylitis without B27.
To sum up, of'paiients with spondylitis without B27, about halfwill develop obvious bowel or skin disease, perhaps six times as often as with spondylitis in the presence of B27. For the remainder, I believe that many will have genes for psoriasis, ulcerative colitis, Crohn's disease, and possibly other diseases. This attractive hypothesis could be tested by futher clinical investigation of such patients, and particularly by more extensive studies of families and of different races. Or perhaps it must await better markers for psoriasis and inflammatory bowel disease. By a like argument, in Reiter's disease without B27 there might be genes predisposing to psoriasis; and in acute uveitis without B27, genes for ulcerative colitis, Crohn's disease, sarcoidosis, or psoriasis.
Distribution of peripheral arthritis
Rheumatoid arthritis, sarcoid arthritis, Reiter's disease and the peripheral arthritis associated with ankylosing spondylitis each have characteristic distributions of joints involved. To this extent Dw4, DRw4, B8 and B27 could be said to influence the distribution of arthritis. What about psoriasis? We accept that the fingers are frequently involved in psoriatic arthritis. Could this too be genetically determined? Clinically, we know that relatives of people with psoriasis may have seronegative finger arthritis closely resembling rheumatoid arthritis. In our patients with B27 and sacroiliitis, finger arthritis was present in 10% of those with ankylosing spondylitis, Reiter's disease or chronic inflammatory bowel disease, and in 65% of those with psoriasis. This finger arthritis was not dependent on B27, sacroiliitis, Bl3 or Bw17. So, next to psoriasis could there be a gene influencing finger involvement? In which case, how does it relate to rheumatoid arthritis? Age incidence Sometimes we take it for granted that rheumatic diseases are clinically most active at different ages, and that a given disease may differ in its clinical features according to the age of onset. Now we must ask why diseases associated with B27 are particularly troublesome between the ages of 15 and 45. Figure 4 provides a clue. In acute anterioruveitis and psoriasis, as in myasthenia gravis and probably ankylosing spondylitis, the onset is earlier when associated with HLA antigens. In acute anterior uveitis half of those with B27 have onset at age 20-30 years, whereas without B27 the onset is later (Brewerton 1975) . Danish figures show that in psoriasis with Bw17 or B13 the peak onset is at age 10-20 (Svejgaard et al. 1974) . Age in decades Sex ratios In the inflammatory rheumatic diseases there is a spectrum of sex ratios ( Figure 5 ), They range from Reiter's disease at 20: 1, through spondylitis and uveitis round to rheumatoid arthritis, and on to erythema nodosum, rubella arthritis and systemic lupus erythematosus (SLE); and it would be easy to include other examples. There are classical explanations for these sex ratios. In women, the hormone balance is said to predispose to systemic lupus erythematosus. In men, the Figure 5 . Most inflammatory rheumatic diseases do not occur equally in both sexes complicated genitourinary tract and the drainage of Batson's veins lead to Reiter's disease or ankylosing spondylitis. Both explanations may be true, but -looked at coldly -do they really satisfy? One alternative is that disease susceptibility may be influenced by a fundamental genetic process. There are many ways in which this might occur, but at present there is no supporting evidence. Nevertheless the H-Y antigen provides a hint as to how transplantation antigens might modify disease susceptibility in men and women. In the meantime clinicians must admit that they have no firmly established alternative explanation.
